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(54) INTERFERENCE MEASURING METHOD 
(57) Abstract: 

PURPOSE: To accurately measure the surface profile of 
an optical element by correcting the distorsion of an 
interference fringe based on a mapping relation between 
the images of marking points over a detected surface, 
which are projected to an image receiving surface, and 
ideal imaging points which have been linearized using a 
projection-magnifying power. 

CONSTITUTION: A master lens 2 on which coordinates 
forming a reference surface are marked as a reference, 
is installed in stead of a lens having a detected 
surface, and when the aforesaid master lens is 
illuminated by light from the light source 5 of an 
interferometer 1, marking point images a' are projected 
over an image receiving surface 4. These images are then 
photographed 10, are forwarded to a computer 11, and 
the polar coordinate positions of each image a' is 
determined, so that mapping relation over a 
circumference between each ideal imaging point b over 
the image receiving surface 4, which has been linearized 
using a magnifying power of a measuring optical system 
3, and each aforesaid polar coordinate position, is 
thereby determined. After that, the lens 2 is replaced 
with the detected surface, and a reference surface 12 is 
installed, so that an interference fringe is thereby 
formed over the image receiving surface 4. At this time, 
the reference surface 12 is moved by a piezo 13, the 



profile of the detected surface is determined based on a 
moving relation between the reference surface 1 2 and the 
interference fringe, and profile data is rearranged 
based on a mapping relation between each point image a' 
and each ideal imaging point b, so that a distortion is 
thereby corrected. 
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[Means for Solving the Problems] An interference-measuring 
method according to the present invention, in which an 
interferometer is used which separates a light beam emitted 
from a light source into two light beams, radiates one of 
the two light beams on a reference surface and the other one 
of the two light beams on a test surface, obtains 
interference fringes by causing the light beam reflected by 
the reference surface and the light beam reflected by the 
test surface to interfere with each other, and determines 
the shape of the test surface on the basis of the obtained 
interference fringes, the interference-measuring method 
including the steps of projecting a test surface on which 
marks are formed onto an image-reception surface of the 
interferometer; obtaining the mapping relationship between 
images of the marks projected on the image-reception surface 
and ideal image-forming points on the image-reception 
surface obtained by linear conversion by using the 
projection magnification of an optical system of the 
interferometer; and correcting distortion of the 
interference fringes on the basis of the obtained mapping 
relationship. 

[0006] Figs. 1 to 3 are schematic diagrams for explaining 
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the interference-measuring method according to the present 
invention. In Fig. 1, a, b, and c show a master lens used 
in the interference -measurement method, where a is a 
perspective view, b is a plan view, and c is a sectional 
view cut along the X axis . Fig . 2 is a front view of an 
image-reception surface of an interferometer, and Fig. 3 is 
an explanatory diagram showing the relationship between the 
master lens and the image-reception surface. 
[0007] The interference-measuring method of the present 
invention is applied to a, typical interferometer. As shown 
in Fig. 1, a to c, a standard surface of a master lens has 
the same shape as a test surface in a coordinate system of 
the test surface where the central point of the test surface 
is defined as the origin. Marks including multiple points 
and lines whose coordinates are known are formed on the 
master lens (in Fig. 1, b, the marks are shown as points a 
and a line formed along circles). In Fig. 1, the coordinate 
system of the master lens designed to have the same shape as 
the test surface and marking points a are shown. In the 
coordinate system shown in Fig. 1, the x axis and y axis 
extend along the test surface, and the z axis extends 
perpendicularly to a tangential plane of the test surface at 
the origin of the test surface. In Fig. 2, marking-point 
images a* of the marking points a formed on an image- 
reception surface of the interferometer are indicated by 
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dots, and ideal image -forming points b for the marking 
points a obtained by calculation are indicated by "x" marks. 
[0008] The operation of the present invention will be 
illustrated below. When the shape of the test surface is 
measured by using the interferometer, the master lens, on 
which the marks are formed as shown in Fig. 1, b, is 
attached to the interferometer instead of the test surface. 
The marking points of the master lens are projected onto the 
image-reception surface of the interferometer by an optical 
system of the interferometer. Accordingly, as shown in Fig. 
2, the marking points a are projected onto the image- 
reception surface of the interferometer at the positions of 
the marking-point images a' , and the coordinates X and Y of 
the marking-point images a' on the image -reception surface 
can be determined. The image of the origin O of the marking 
points a of the master lens projected on the image-reception 
surface is defined as the origin O' in the coordinate system 
on the image-reception surface. When the magnification of 
the optical system of the interferometer is defined as (3, 
the ideal image -forming points of the marking points a on 
the image-reception surface can be calculated by linear 
transformation as follows: 
[Expression 1] 

*(p",0")- 
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p" = ^(* 2 +y 2 ) , 6" = TAN~ l (Y/X) 
p = +y 2 ) , e - tmat 1 ^ / x ) 

[0009] 

[Expression 1] 

[0010] The marking-point images are expressed as a'(p', 8') 
in polar coordinates. The marking points of the master lens 
are defined as a(pi, 8i) , and the marking-point images 
corresponding thereto are defined as a'(p'i, 6'i). In 
addition, the ideal image-forming points of a(pi, 0i) on the 
image -reception surface obtained by calculation are defined 
as bCp 1 '!, O 1 '!). When the mapping relationship between 
a'Cp'i, 8'i) and Mp' 1 !, Q'*i) is obtained, the ideal image- 
forming positions which are not affected by distortion due 
to the optical system of the interferometer can be 
calculated on the basis of the marking-point positions 
affected by distortion. Accordingly, when the test surface 
is measured, distortion of the interference fringes on the 
image-reception surface can be corrected by correcting the 
position of the interference fringes on the basis of the 
mapping relationship between a'(p', 8') and b(p'', e' 1 ). 
[0011] 

[First Embodiment] Figs. 4 to 6 show a first embodiment. 
Fig. 4 is a schematic diagram showing the construction of an 
interferometer used in the first embodiment. In Fig. 5, a. 
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b, and c are diagrams for explaining a master lens used in 
the first embodiment, where a is a sectional view, b is a 
plan view, and c is a perspective view. Fig. 6 is a front 
view of an image-reception surface. 
[0012] In Fig. 4, reference numeral 1 denotes an 
interferometer for measuring the shape of a test surface 14 
having an aspherical shape (a lens having a test surface is 
hereinafter referred to as a "test surface"). A master lens 
2 is designed to have the same shape as the test surface 14. 
As shown in Fig. 5, a to c, in the coordinate system of the 
test surface 14 where the central point of the test surface 
14 is defined as the origin, marks whose coordinates are 
known are formed on the master lens 2, the marks including 
multiple points a placed where p = p 1# p 2 , and p 3 in polar 
coordinates and a line formed along p = p 2 . The 
interferometer 1 includes a reference surface 12 which is 
also designed to have the same shape as the test surface 14; 
a light source 5; an illumination optical system 6; a 
measurement optical system 3 for projecting light incident 
on and reflected by the reference surface 12 and the test 
surface 14 on an image-reception surface 4; a camera 10 for 
capturing interference fringes formed by the reference 
surface 12 and the test surface 14 as an image; the image- 
reception surface 4 of the camera 10; a piezoelectric 
element 13 for moving the reference surface 12 by a small 
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amount; and a computer 11 for controlling the movement of 
the piezoelectric element 13 and analyzing data of the 
interference fringes captured by the camera 10. 
[0013] The measurement optical system 3 includes a beam 
splitter 8 for separating illumination light into a light 
component incident on the test surface 14 and a light 
component incident on the reference surface 12 and combining 
the light components reflected by the test surface 14 and 
the reference surface 12; an objective lens 7 for 
illuminating and projecting the reference surface 12 and the 
test surface 14; and a focusing lens system 9 for projecting 
illumination light combined by the beam splitter 8 onto the 
image-reception surface 4 and focusing the images of the 
reference surface 12 and the test surface 14 onto the image- 
reception surface 4. 

[0014] In Fig. 5, a to c, the marks are formed on the 
master lens 2 on the basis of the coordinate system of a 
standard surface of the master lens 2 . The marks are formed 
while applying a scale to the master lens 2 and measuring 
the position with a magnification projection device. As 
shown in Fig. 5, a, a rectangular coordinate system 
including x' , y f , and z axes which cross at the origin of 
the master lens 2 is established. The standard surface of 
the master lens 2 is designed such that the shape thereof 
along the x' direction is expressed as z = f(x'), and the 
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marking points of the master lens 2 satisfy the following 

expression: 

[Expression 2] 



[0015] 

[Expression 2] 

[0016] In Expression 2, x'i is the x' coordinate 
corresponding to xi, and y'i is the y 1 coordinate 
corresponding to yi. In addition, xi and yi are the x 
coordinate and y coordinate, respectively, of the marking 
points a on the master lens 2. Similarly, z, y' , and yi 
also satisfy the following expression: 
[Expression 3] 



(integration range is 0 <; y' <; y'y) 



[0017] 

[Expression 3] 

[0018] In addition, as described above, the marking points 
a include a plurality of points placed where p = p 1# p 2 , and 
p 3 in a polar coordinate system and a line formed along p = 
p 2 , and are expressed by coordinates representing positions 
on circles in the master lens 2. Numbers are assigned to 
each circle on which the marks are formed (numbers 1, 2, and 
3 are shown in Fig. 5, b). Fig. 6 shows the marking-point 




(integration range is 0 <; x' ^ x'i) 
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images a' (indicated by dots in Fig. 6) formed on the image- 
reception surface 4 and the ideal image -forming points b 
(indicated by "x" marks in Fig. 6). Although the ideal 
image -forming points b are obtained by calculation and do 
not appear on the image -reception surface 4, they are shown 
in the figure in order to facilitate understanding. 
[0019] The interference-measuring method using the above- 
described construction will be described below. When the 
shape of the test surface 14 is to be measured by the 
interferometer 1, the master lens 2 is attached to the 
interferometer 1 instead of the test surface 14. The master 
lens 2, which is marked as shown in Fig. 5, a to c, is 
illuminated by the light source 5, the illumination optical 
system 6, the beam splitter 8, and the objective lens 7 in 
the interferometer 1. Accordingly, the marking points a of 
the master lens 2 are projected onto the image-reception 
surface 4 of the interferometer 1 by the measurement optical 
system 3. More specifically, the marking points a are 
projected onto the image-reception surface 4 by the 
objective lens 7, the beam splitter 8, and the focusing lens 
system 9. In order for the marking points to appear clearly 
on the image-reception surface 4, the reference surface 12 
is removed beforehand. 

[0020] As shown in Fig. 6, the marking points a of the 
master lens 2 are projected onto the image -reception surface 
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4 as the marking-point images a 1 , and the camera 10 captures 
the marking-point images a' and transmits the image 
information to the computer 11. Then, the computer 11 
calculates the coordinates (polar coordinates) of the 
marking-point images a 1 . In order to define the projection 
of the origin of the marking points a of the master lens as 
the origin of the coordinate system in the image-reception 
surface 4, polar- coordinate conversion is performed for each 
marking-point image a 1 with respect to the origin. The 
positional relationship is evaluated on the basis of the 
number (1 # 2, and 3 in Fig. 5, b) assigned to each circle on 
which the marking points are formed. In addition, the ideal 
image-forming points b of the marking points a of the master 
lens 2 on the image-reception surface 4 are determined on 
the basis of [Expression 1] by assigning the magnification p 
of the measurement optical system 3. 

[0021] The marking-point images are expressed as a'fp', 6') 
in polar coordinates. The marking points of the master lens 
2 are defined as a(pi, 0i), and the marking-point images 
corresponding thereto are defined as a'(p'i, 0'i). In 
addition, the ideal image-forming points for a(pi, 9i) are 
defined as b(p"l. 0'"i). A function to convert a'(p'i, 0'i) 
to Mp 1 '!, 0''i), that is, a mapping function G which 
satisfies (p", 0") = G(p f , 0'), is calculated. 
[0022] In the process of obtaining the mapping function G, 
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conversion between p f and 9' along the circumferential 
direction, that is, p" = f(9'), is obtained by the spline 
interpolation method under the condition pi = constant. In 
addition, the mapping relationship between the ideal image- 
forming points b and the marking-point images a' along the 
circumferential direction is obtained as conversion between 
9'' and 9', that is, 6' ' = g(9'), by the spline interpolation 
method. In addition, in a similar manner, conversion 
between 9' and p' along the radial direction, that is, 9' = 
f(p'), is obtained by the spline interpolation method under 
the condition 9i = constant. In addition, the mapping 
relationship between the ideal image-forming points b and 
the marking-point images a along the radial direction is 
obtained as conversion between p' ' and 9', that is, p' ' = 
g(p'), by the spline interpolation method. 
[0023] Next, in order to measure the shape of the test 
surface 14, the master lens 2 and the test surface 14 are 
exchanged. In addition, the reference surface 12 is 
attached so that the interference fringes are formed on the 
image-reception surface 4 by the interferometer 1. The 
computer 11 controls the piezoelectric element 13 so as to 
move the reference surface 12, and the shape of the test 
surface 14 is determined by the fringe-scan method on the 
basis of the relationship between the movement of the 
reference surface 12 and that of the interference fringes. 
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The computer 11 corrects the distortion of the determined 
shape by changing the order of the shape data on the basis 
of the mapping relationship between the marking-point images 
and the ideal image-forming points. 

[0024] In the present embodiment, the spline interpolation 
method is used for determining the mapping relationship 
between the marking-point images a' and the ideal image- 
forming points b. Accordingly, the mapping relationship at 
positions where the marks are not formed can also be 
obtained. Therefore, correction precision can be increased 
and the measurement precision can be increased accordingly. 
[0025] Although the interference-measuring method for an 
aspherical lens is described in the present embodiment, the 
present invention is not limited to this, and the present 
invention may also be applied to a spherical lens. 
[0026] 

[Second Embodiment] In a second embodiment, 6" described in 
the first embodiment is assumed to be 6' « 6' 1 . In addition, 
in the process of determining the relationship between p' 
and p'', the least squares method is applied to the equation 
of distortion p' = C 3 (p ,, )3 + C 5 (p ,, )5. and the third-order 
coefficient (C 3 ) and the fifth-order coefficient (C 5 ) of this 
equation are determined. Thus, correction is performed on 
the basis of the mapping relationship between p' and p 1 ' 
determined by this equation. Other constructions and 
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operations of the present embodiment are the same as those 
in the first embodiment, and the explanations thereof are 
thereby omitted. 

[0027] In the present embodiment, in the process of 
determining the relationship between p' and p 1 ', the least 
squares method is applied to the equation of distortion p' = 
C 3 (p ,, )3 + C^p 11 ) 5 . At this time, the coefficients of the 
equation of distortion C 3 and C 5 are determined for p'i 
corresponding to p"i. In the correcting process, p' 
corresponding to p M is calculated and the order of the 
shape data is changed. 

[0028] According to the present embodiment, the degree of 
distortion of the interference fringes can be quantitively 
evaluated as the distortion due to optical aberrations. In 
addition, even when the marking points on the image- 
reception surface are deformed due to asymmetric aberrations, 
such as comatic aberration, and errors occur in the process 
of obtaining the coordinates of the marking points, 
correction can be performed with high precision. 
[0029] 

[Advantages] As described above, according to the 
interference-measuring method of the present invention, even 
when the test surface has an aspherical shape, distortion of 
the interference fringes due to the shape of the test 
surface and the measurement optical system of the 
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interferometer can be corrected, and the measurement 
precision of the shape measurement can be increased. 
[Brief Description of the Drawings] 

[Fig. 1] In Fig. 1, a, b, and c are diagrams showing the 
present invention, where a is a perspective view, b is a 
plan view, and c is a sectional view. 

[Fig. 2] Fig. 2 is a front view showing the present 
invention. 

[Fig. 3] Fig. 3 is an explanatory drawing showing the 
present invention. 

[Fig. 4] Fig. 4 is a schematic diagram showing a first 
embodiment . 

[Fig. 5] In Fig. 5, a, b, and c are diagrams showing the 
first embodiment, where a is a sectional view, b is a plan 
view, and c is a perspective view. 

[Fig. 6] Fig. 6 is a front view showing the first 
embodiment . 
[Reference Numerals] 
1: interferometer 
2: master lens 

3 : measurement optical system 
4: image -reception surface 
5: light source 

6: illumination optical system 
7: objective lens 
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8: beam splitter 

9 : focusing lens system 

10: camera 

11 : computer 

12 : reference surface 

13: piezoelectric element 

14: test surface 
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